Holstein calves were managed from less than 1 wk of age as in the special-fed veal industry but subjected to three dietary regimens (n = lO/group): low dietary iron (LI = approximately 5 mg iron/kg dry milk replacer) throughout 16 wk; 2) high then low dietary iron (H-LI = 140 mg/kg through d 18, then approximately 5 mg/kg through wk 16; a typical industrial scheme) or 3) high dietary iron (HI = approximately 105 mg/kg throughout the study). Several physiologic, behavioral and health indicators of welfare were monitored at various times. From wk 7 on, blood hemoglobin concentration was higher in HI calves than in LI, whereas that in H-LI calves was intermediate. Blood red cell count was higher in HI calves than in LI from wk 11 to 16, and was higher in HI than in H-L! from wk 14 to 16. Ratio of blood segmented neutrophils to lymphocytes (an indicator of stress) did not differ due to dietary regimen. Between wk 2 and 16, lying time increased from 69.5 to 76.6% of total time. Oral behaviors (e.g., licking and gnawing) occupied less than 15% of total time. Dietary regimen did not affect time spent either lying or engaging in oral behaviors. Calves in all dietary-regimen and slaughter-age groups experienced high frequencies of pneumonia, digestive-tract maladies and trichobezoars, but neither disease nor medical-treatment frequency was related to dietary regimen. Live, hot-dressed carcass and liver weights of the five calves/group slaughtered at 16 wk were not affected by dietary regimens, but carcass grade was highest for LI calves and lowest for HI. The dietary iron regimens affected some of the blood traits measured, but not the health or behavior traits registered for these calves, which were cared for as are most in the special-fed veal industry today.
Introduction
Concerns have been expressed about certain practices in special-fed veal calf production. These include tying the calves in crates, feeding them liquid diets only and limiting their iron intake to produce pale meat (Fox, 1980) . Some think the calves' overall well-being is seriously compromised in this system (Harrison, 1964 systems, including calves residing either 1) singly in raised crates, 2) in groups on straw bedding or 3) at their dams' sides on pasture (Signoret, 1982; Steenkamer, 1982; Webster and Saville, 1982; Webster, 1984; De Wilt, 1985) . Information also can be :gained from experiments conducted in one particular system, especially when multiple response criteria are evaluated simultaneously. Integrated physiological, behavioral, pathological and productive indicators form the best basis for assessing the welfare of agricultural animals (Smidt, 1983) . Dietary iron supplementation is an aspect of veal calf welfare that has not been studied using multiple criteria. Limiting iron intake can affect a calf's blood composition (Blaxter et al., 1957; Roy, 1980; Reece et al., 1985) and carcass quality (Niedermeier et al., 1959; Bremner and Dalgarno, 1973 ; MacDougall et al., 1973) . However, whether low iron intake influences certain other physiological, behavioral, pathological or production characteristics is not known. The objective of our experiment was to evaluate several 317 J. Anita. Sci. 1988. 66:317-325 traits indicative of the well-being of veal calves that were subjected to typical special-fed production practices and fed a milk replacer supplemented with iron either marginally, adequately or inadequately, according to the general recommended allowance of 100 ppm (dry basis) (NRC, 1978) .
Experimental Procedure
Animals and Environment. Thirty-four male Holstein calves aged 3 to 7 d were proctired at livestock markets and transported to the department research farm the day before the experiment started. Four calves were subjected to necroscopy within 12 h after arrival to evaluate the calves' incoming health status. Thirty rearing crates were allotted randomly to three treatments, and the rest of the calves (n = 30) were allotted randomly to, and placed in, the crates upon arrival. Elevated individual crates of unplaned oak were arranged side by side in two rows of 15 each. Each was 61-cm wide inside, probably the minimum width practical for calves grown to 16 wk of age (Jongebreur and Smits, 1978) . Floor slats were 6.3 cm wide and were oriented perpendicularly to the calf's spine. Adjacent floor slats were separated by a 3-cm gap. The 91-cm-high partitions between crates consisted of 6.3-cm slates spaced to allow the calves to see and touch each other. Each calf was necktethered by a 90-cm length of nickel-plated metal chain attached to the crate front.
The experiment was conducted during December through March. The 7.3-m • 10.9-m room in which the calves resided was heated with a 2930-W furnace set to hold air temperature at 21 C. A mechanical ventilation system supplied fresh air through narrow slot inlets 41 cm above the floor on sidewalls and expelled room air through a timer-controlled ridge fan (3 m above floor). Ventilation rate was adjusted so relative humidity was less than 80%. A row of fluorescent tubes over each row of crates provided continuous illumination (22 lx).
The crates were scraped of manure and the concrete floor was cleaned with pressurized water every morning and evening. To minimize calf contact with wet surfaces, the crates themselves were rarely wetted.
Diets and Feeding. Animals were fed at 0600 and 1700 every day. A commercial feeding regimen was followed (tables 1 and 2 and figure 1). Dry feed was stored in plastic barrels and was handled with plastic scoops. All diets were mixed with hot (42 C) municipal water (<1 ppm iron) in a portable batch mixer with plastic tub and stirrer. The mixtures were cooled to approximately 38 C and brought to final volume with appropriate amounts of water avalues, as formulated, from Provimi, Inc., Brookfield, Wl. All diets contained the following ingredients: dried skimmed milk, dried whey, animal and vegetable fats, starch and dextrose; dl-methionine and lqysine; dicalcium phosphate, calcium chloride, magnesium oxide, cupric sulfate, zinc sulfate, manganese sulfate and potassium iodide; and choline chloride, vitamin A palmitate, D-activated animal sterol, dl-alpha tocopheryl acetate, ascorbic acid, vitamin B12, riboflavin, dl-calcium pantothenate, niacin, thiamin hydrochoride, folic acid and citric acid. Diet A (prestarter) also contained pyridoxine hydrochloride and biotin.
bA:LI, e.g., means (feeding period A):(diet LI for that period) (see text). CDiet A (prestarter) contained oxytetracycline (200 g/ton) and neomycin base (from neomycin sulfate, 400 g/ton); diet B (starter) contained oxytetracycline (100 g/ton); diet C (grower) contained no antibiotic. (yielding final dry-matter concentrations as-fed ranging from 8 to 20%) of approximately the same temperature immediately before being distributed to the calves. Each calf was fed in its own plastic bucket. Mixer and buckets were washed with hot soapy water after each feeding.
Dietary treatments consisted of proprietary milk replacers (table 1) were treated for external parasites with a .5% spray of aqueous malathion solution.
Hematology. Calves were bled weekly via the jugular vein into 7-ml, evacuated ethylenediaminetetraacetate-treated collection tubes, and blood hemoglobin (Hb) concentration, packed cell volume (PCV), red and white blood cell counts (RBC and WBC) and white blood cell differential count were determined. Blood hemoglobin concentration was measured using the cyanmethemoglobin procedure (Drabkin and Austin, 1935; Drabkin, 1949; Crosby et al., 1954) . Packed cell volume was determined using a microcentrifuge 7 system. Standard blood-cell staining s and counting (Schalm et al., 1975) procedures were followed.
Behavior. The calves' behavior was monitored during wk 2, 9 and 16, respectively. A video-camera 9-recorder 1~ system monitored activities of randomly selected calves for 5 of every 20 rain. Two consecutive 48-h periods were recorded each observation week. One pair of calves in each treatment group was monitored during the first 48-h period and another pair during the second, and the data were combined for analysis. Total time spent engaging in oral behaviors (mainly in licking self, neighbor or crate or in gnawing crate) and lying in any posture were registered.
Carcass Traits and Postmortem Evaluation. Calves were assigned randomly to one of two slaughter days.'Of the 10 calves in each treatment group, five were slaughtered at the end of wk 8 and five at the end of wk 16. In both cases, feed was witheld from the calves for 24 h before slaughter , and the calves were trucked 2 km from the department research farm to the department abattoir, where they were held overnight in a group of 15. Gross examination of all parenchymatous organs was made at time of slaughter. Tissue samples from lung, small intestine, liver, spleen, heart, kidney and bone marrow were taken for histopathological evaluation. They were processed and stained with hematoxylin and eosin according to standard procedures (Mallory, 1944) .
Live, hot-dressed carcass and liver weights were recorded for calves processed at 16 wk. Carcasses of 16-wk-old calves were graded professionally by agrader blind to treatment group, according to a commercial veal system it .
Statistical Analysis. Split-plot-in-time analyses of variance (Gill and Hafs, 1971) were.conducted to determine effects of dietary regimen on the measured blood traits over time. Comparisons among weekly treatment means were also made. When a significant treatment effect was found, significance of differences among means was established by multiple-range t-tests.
Results and Discussion
Hematological Characteristics. All blood traits except the ratio of counts of segmented al The veal-grading system of Provimi Veal, Inc., Brookfield, WI. neutrophils to lymphocytes were affected by dietary iron regimen (P<.05) and time (P<.05). Treatment • time interaction was significant for all blood traits except RBC count and segmented-neutrophil:lymphocyte ratio.
The lowest mean Hb concentration observed was 5.2 g/dl, during wk 14 in LI calves (table 3) . Calves fed H-LI diets attained their highest (11.0) and lowest (6.4) Hb concentrations during wk 5 and 14, respectively. Unshelm et al. (1982) opined that in veal calves 6 g/dl is "too low from the point of view of the welfare of the animals." The highest mean Hb concentration in HI calves was 14.2 g/dl, during wk 16.
Concentrations of Hb in calves fed LI and H-LI diets did not differ significantly until wk 5 (table 3) . That in H-LI calves remained higher through wk 5 and again from wk 7 through 9 (P<.01). From wk 14 on, calves fed H-LI diets again had higher Hb values than did their counterparts fed LI diets (P<.01). Calves fed H-LI and HI diets did not differ in Hb concentration until wk 9; from then on, H-LI calves had lower values (P<.01). Blood Hb concentration in HI calves did not differ from that in LI calves during wk 1 through 6, but during wk 7 through 16 Hb values in HI calves were higher than in LI calves (P<.01). No consistent effect of treatment on WBC count was found until wk 13 (table 3) . After this (except in wk 16), values in H-L1 calves were similar to those in LI calves, and both were lower than in HI calves (P<.01). The ratio of segmented neutrophils to tymphocytes (table 4), which tends to be related directly to stress intensity (Lee et al., 1976; Gwazdauskas et al., 1980) , was lower than had been reported earlier for veal calves in crates (Friend et al., 1984) and did not differ among treatment groups.
Packed cell volume in H-L1 calves was greater than that in LI calves (P<.01) from wk 7 on, except for wk 9 through 12, when it was similar (table 3) . LI and H-LI calves had lower PCV than did HI calves during wk 9 through 16 (P<.01). (table 5) . Lying, standing and licking-gnawing times were registered a2.
Age affected the amount of time calves spent lying. Between wk 2 and 16, lying time increased from 69.5 to 76.6% of total time (P<.05), which at all ages is considerably greater than has been reported by some (Van Putten and Elshof, 1982; Webster, 1984) , but is similar to that reported by others (Sandhage et al., 1983 ; Winters et al., 1984) . Treatment did not affect percentage of total time calves spent lying (table 5) .
Calves engage in considerable amounts of apparently purposeless and perhaps stereotyped, but nonetheless normal, oral behaviors (Webster, 1984) . Dietary treatment did not affect percentage of total time calves spent licking or gnawing the crate (table 5). In no case did this value reach 15% or more, which is in the range reported from 24-h observations (Webster, 1984) and somewhat less than in another report (Sandhage et al., 1983) .
Healtb Characteristics. The four calves necropsied at the beginning of the experiment were judged from external appearance to be in normal health and condition. Their digestive and respiratory tracts and other internal organs were determined in gross and histopathological examinations to be normal.
Every calf showed signs of illness at least once during the experiment, although medical b'CMeans in a column without a common superscript differ (P<.05).
treatment was not administered to every one (table 6). Several either became ill repeatedly or remained ill for long periods. Respiratory-tract or digestive-tract infections were the most common (cf. Blom, 1982; Webster, 1984) . Calves that required treatment on more than 2 d were summarized (table 6). All treatments were represented, and there was no significant effect of dietary regimen. Calf 28 (H-LI group) became ill on d 1 and was treated for pneumonia and diarrhea until death on d 7; this occurred before hematological differences among treatment groups developed, and it was not considered to be related to dietary treatment.
A histopathological profile was compiled for each calf. Lungs of all calves showed signs of their having experienced pneumonia at some time during the experiment (Blom, 1982; Webster, 1984) , but its occurrence was not more frequent in one particular treatment group than in any other. Otherwise, the calves were essentially normal.
Many calves in all treatment groups had developed ruminal trichobezoars (hairballs) (Unshelm et al., 1982) , presumably as a result of social and self-licking.
Carcass Cbaracteristics. Dietary treatments did not affect the 8-wk live weight of the calves slaughtered at 8 wk (mean +-SE): LI calves weighed 82.3 + 1.64 kg, H-LI weighed 85.7 + 3.45 kg and HI weighed 84.1 + 1.27 kg.
Calf 19 (LI group) performed poorly throughout the experiment. He would have been culled in commercial practice (Webster, 1984) . Even when his data were included in the analysis, there were no differences among treatment means for live, hot-dressed carcass or liver weights of 16-wk-old calves (table 7) .
Four of five calves fed LI diets had "deluxe" carcass grades (three of five were "deluxe plus"); the carcass of calf 19 (which would have been culled in commercial practice) graded "regular plus." Four of five H-LI calves' carcasses were graded "deluxe" (two "deluxe minus," one "deluxe", one "deluxe plus"); the fifth was "regular plus." All five HI calves' carcasses were graded "dark veal."
Discussion
The dietary iron regimens employed as independent variables affected some of the blood traits measured, but not the health or behavior traits registered for these calves, which were managed as are most in the special-fed veal industry. The neutrophil:lymphocyte ratio did not vary according to dietary treatment. Otherwise, all hematological traits-and especially Hb concentration-diverged as a function of dietary iron concentration. Still, calves fed LI diets showed no greater incidence of illness than did those fed HI diets throughout.
Nor did dietary iron concentration affect overt behaviors. In contrast to other reports (Unshelm et al., 1982; Dellmeier et al., 1985) , at the end of wk 8 or wk 16, no calf appeared disoriented or to have impaired motor coordination while being taken from his crate, while being transported to the abattoir or while at the abattoir. Despite the calves' behaving rambunctiously for a while after leaving the crate (Dantzer et al., 1983; Dellmeier et al., 1985) , none appeared exhausted or was injured the next morning.
Slaughter and histopathological data also reflected no effect of dietary iron treatment, except that carcass grade was-as expected (Niedermeier et al., 1959; Bremner and Dalgarno, 1973; MacDougall et al., 1973 )-related negatively to iron intake.
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